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I g5g. are increased at the expense of the poorly circulated regions due to opening or widening of minute vessels which were originally closed or narrowed.
A LL OR VERY NEARLY ALL of the potassium in mammalian skeletal muscle is ultimately exchangeable with plasma potassium. However, Ginsburg and Wilde showed that 24-48 hours were required for a close approach to exchange equilibrium in aivo (I). A part or parts of the total appeared to equilibrate more rapidly than the rest, but the experiments gave little or no indication of the mechanisms responsible for the inhomogeneity of muscle potassium+ An earlier publication (2) showed that diffusion of antipyrine, urea and sucrose from blood to tissues in isolated legs of cats took place at two rates, designated fast and slow, and that the fraction of the total distribution volume of each substance exchanging rapidly or slowly was dependent on the rate of blood flow and on the state of dilatation or constriction of the blood vessels. Accordingly, it seemed most reasonable to interpret the two divisions of tissue mass as representing well-circulated and poorly-circulated regions of tissue. If this hypothesis of a double (possibly multiple) local circulation is correct, the partition of tissue potassium into rapidly exchanging and slowly exchanging fractions might be expected to follow along the same lines. Since analysis of exchange kinetics in intact animals and even in isolated, perfused legs is complicated by a multiplicity of organs and tissues, it seemed best to use a single skeletal muscle for study of the exchangeability of muscle potassium.
THEORY
In the preceding paper (3), the observed, or apparent extraction of K42 from the bloodstream by a perfused muscle was defined in relation to arterial blood radioactivity :
A(a) and A(v) represent the radioactivity due to K42 in arterial and venous blood, respectively. Since the concentrations of carrier K+ in arterial and venous plasma are the same, these terms are proportional to arterial and venous K+ specific activity. It was shown that E did not remain perfectly constant over a period of time, but decreased slowly as K42 accumulated in the tissues. Only the value measured at zero time (Eo) was a true measure of extraction, although for short periods, relatively small errors were introduced by ignoring this fact. To obtain an expression for K42 extraction constant for all values of time (true extraction, E') it is necessary to express extraction in relation to the difference in tracer specific activity between arterial blood and the tissues:
where A(t) represents the specific activity of K42 in the tissues. Thus the relations between apparent extraction (E> and true extraction (E') are as follows: at zero time, at all other times
For a homogeneous mass of tissue carrier equilibrating with a tracer supplied at constant specific activity in the blood, the ratio between tissue and blood specific activity of tracer is described by the following relation (see eq. 8, ref 
This equation describes theoretically the fall of apparent K42 extraction with time in the course of an experiment such as that illustrated in figure r A of the preceding paper (3). If E is plotted on a logarithmic scale against time, the slow phase of the curve which follows the vascular washout period should be a straight line with an intercept on the ordinate equal to Eo and a negative slope equal to R/K. As was shown in the previous article, the influx rate R can be determined from Eo, the blood flow and the blood content of exchangeable K+ (eq. 3, ref. 3), and therefore the quantity of potassium which exchanges at this rate (K) can be determined.
A method similar in principle to this was used by flow), the curve follows a very nearly linear course for 50 minutes.
Linear relations were observed in all experiments, providing blood flow was maintained with sufficient constancy, and there were no changes in vascular tone. Extrapolation of the straight line back to 3 minutes (blood transit time through the vascular bed, indicated by the first appearance of radioactivity in the venous blood), yields E. = 0.814. K4" clearance was thus 0.62 ml/min. X 0.814 = 0.505 ml/min. K+ influx from blood to tissue was 0.505 ml(blood)/min. X 4.28 @q 'K/ml plasma X (I -0.47) ml plasma/ml blood = I. 14 kEq/min. Note. It will be observed here and also in fig. 3 that K+ influx rates in red cell-free perfusion experiments tend to be higher at comparable rates of flow than in perfusions with whole blood. However, Ic42 clearances in these experiments do not differ appreciably from similar blood perfusions. The greater K+ influxes are due entirely to the greater supply of plasma K+ by cell-free perfusates, since the 'plasma' makes up the whole bulk of these fluids in contrast to only about half of the bulk of blood. This effect illustrates the supply dependence of I$+ transport in perfused muscles. * Exp. P-1-9 was on a gastrocnemius muscle; all the others are graciles. t PS was calculated from the following relation (3) : E' = I -e-(Ps'Q). and bl ood flow i n perfused skeletal muscles.
(bl ood to than the rate measured. Therefore, the fraction of tissue K+ exchanging at the rate measured in these experiments will be designated rapidly exchanging, and the remainder, slowly exchanging. Whether the latter fraction comprises a single part, or a series of parts exchanging' at successively slower rates cannot be determined by experiments of the present type.
II. Effects of Changes in Blood Fhw on the Relative Fractions of Rapidly and Slowly Exchangeable Potassium
In five experiments, the measurements described above were made at two or more different rates of blood flow, produced by suitable adjustment of arterial perfusion pressure. The results obtained are included in table I. In experiment P-26, two separate equilibrations of the kind illustrated in figure I were run, between which part of the K42 accumulated in the tissues was removed by washing out with nonradioactive blood. In other experiments, a simpler procedure was followed. After perfusion at the initial rate had gone on long enough for accurate measurement of the slope of the extraction curve, arterial pressure was suddenly changed, bringing blood flow to a new level. An example of this procedure is shown in figure 2 . After flow was lowered, K42 extraction rose to a higher value, and when the flow became steady, the curve fell exponentially much as before. K+ influx and rapidly exchangeable K+ are computed as before, except that in order to determine E' for the second flow rate, allowance must be made for the accumulation of K42 in the tissues during the first period. From equations 7 and 4, the relation between E' and E at any time may be expressed as follows: In all experiments, the fraction of rapidly exchangeable K-t was greater at the higher blood flow rates. K+ influx rates were also greater at higher flows, as described in the previous article (3).
Discussion. In individual muscle preparations, the fraction of rapidly exchanging tissue K+ change with the blood flow in a consistent fashion. Qualitatively, at least, they parallel the increased K42 clearance and K+ influx which accompany increased blood flow (3). However, the widely disparate fractions observed from preparation to preparation suggest other factors contributing to the partition of total tissue K+. Again consistent with previous observations on the exchange rate, a large pa.rt of the individual variation is associated with differences in spontaneous vascular tone. To demonstrate this relation, figure 3 depicts in parallel graphs the simulta.neous relations of rapidly exchangeable K+ fraction, K+ influx rate and blood flow to the arterial perfusion pressure in the five experiments cited above. The positions of the blood flow-pressure curves define the vascular resistance of each preparation.
The muscles perfused with cellfree perfusates are plotted separately, since due to the low viscosity of these fluids (approx. 0.4 that of blood), they are not directly comparable with the others. The more vasodilated muscles have higher influx rates and larger fractions of rapidly exchangeable K+ for given perfusion pressures. The parallelism is not perfect, however, and just as in the case of the effects of vascular tone on K42 clearance and K+ influx, other factors must be operative.
GENERAL DISCUSSION
In view of the evidence presented in this paper and in the preceding one (3), it is concluded that the partition of tissue potassium is largely the result of nonuniform distribution of blood flow throughout the vascular bed. The rapidly and slowly exchanging fractions correspond to well circulated and poorly circulated regions in the muscle. On this basis, the observations presented above can be used to differentiate among the three alternative patterns of non-uniform capillary circulation described in the preceding paper (3). a) If the nonuniformity took the form of arteriovenous shunting of part of the total blood flow, rapidly exchangeable K+ should equal total tissue K+, and remain constant despite variations in the rate of K-t exchange with blood flow. Thus arteriovenous shunting is eliminated as the principal form of circulatory inhomogeneity. b) If the vascular bed were partitioned into fixed well perfused and poorly perfused regions, there would be no reason to expect an increase in the size of the rapidly exchanging K+ fraction with an increase in blood flow. The presence of invariant regions of well circulated and poorly circulated tissue in the perfused muscles cannot
